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GENERAL INSTRUCTIONS FOR THE QUESTIONS 

1) OPEN E.E. 451.3 textbook (Principles of CMOS VLSI Design - A Systems Perspective by 

N.H.E. Weste and K. Eshraghian OR one other text), OPEN E.E. 451.3 notes, and OPEN 
E.E. 451.3 assignments. 

2) NO library manuals (or copies thereof) ALLOWED! NO examination files ALLOWED! 

3) Neatness counts. Please ensure your paper is readable. 

4) Some questions contain special instructions. Please ensure that you read these carefully. 

5) Not all questions are of the same difficulty and value. Consider this when allocating time for the 

solution. 

6) IF A QUESTION PROVES TO BE TOO HARD FOR YOU TO SOLVE, GO ON TO ANOTHER 

QUESTION! RETURN TO THE TROUBLESOME QUESTION WHEN TIME PERMITS. 
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1) All designs use standard CMOS3DLM design rules and layers. V DD = +5V and Vss = 0V. 

2) Unless otherwise specified, normal substrate connections are assumed for all P-channel and N- 

channel transistors, i.e., Vss for N-channel and V DD for P-channel. 

3) CMOS3DLM resistance and capacitance parameters are as follows: 



4) Supplementary physical constants are as follows: 


| Constant 


Value | 

1 Units 1 

Electron charge 

q 

1.602E-19 

coulomb | 

Boltzmann’s constant 

k 

1.38E-23 

Joule/°K | 

Intrinsic carrier concentration 
of Si @ T=300°K (27°C) 

n? 

2.1E+20 

(carriers/cm 8 ) 2 1 

Permittivity of free space 

% 

8.854E-14 

Farad/cm | 

Permittivity of Si 

e s 

H7e a 

Farad/cm 1 

Permittivity of Si0 2 

£ 

3.9e 

Farad/cm | 


5) (H)SPICE process parameters are as follows: 
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QUESTION #1 

MARKS: 15(3 + 3 + 3 + 3 + 3) 

Indicate (in the space provided) whether the following are TRUE or FALSE. Do any FIVE (5). 
To obtain full marks for each question, include a SHORT sentence or two in support of your answer. 

« 1) Minimum spacing design rules are needed to account for mask alignment errors. 

$0kYit . TOa/a-V OAJt ts. 

J nj/ouvep. 

L 2 ) A layout in which the designer uses all of the bonding pads is said to be “metal-limited”. 

0 Um A*j£ €>**£$ t** 

lU£ VtUhsttfi- °u r of ***> 

rhife-n*t~ iajhulc**/A fter. 

1 3 ) Most sequential circuits use multi-phase non-overlapping clocks. 

UHu-t TMt ,Y MUH Kfit A S/s/HJt fatH* 

&lu> 4CrUouL j JUt IS St TWO Afc*j- 

0\f faU*'At ft*J t- CMoeics Loo+euH. 

r- 4 ) The Canadian Microelectronics Corporation (CMC) does fabrication for the U of S. 

TXm Cff\C bot S AJffT Po FA&dj&Hi***. 


T_ 5 ) Most modern CMOS technologies are "self-aligned”. 

fafc-y At* cFix<kx> '‘‘beeP'-FtHOvo (t-b " snoot w* 

&+TZ tto+Y*U'l e*»j) ts 09 to 4* A A****. FDA- 
THU Sa/ftoe /boo OMv hfruStbA* s. 

F 6 ) Sputtering is the process by which photoresists are deposited on the surface of an 

wafer. 

nWMA/fr 14. TP D tPa^iT 
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QUESTION #2 
MARKS: 15(5 + 5-1-4 + 1) 

Consider the following plot of a CMOS3DLM circuit shown below (and on the following page). 



a) Determine the function of the circuit. Do this by drawing a STICKS diagram of the 

circuit and a gate-level schematic of the circuit. Use the next page. When drawing the 
STICKS diagram use standard E.E. 451.3 colors (see next page): 


b) Indicate each of the following: 

• S 6 &tJ(mffltt c om binational or Sequential? 

• ^ Width of the power supply lines (V D3 and V ss )? 

• O _ Number of Transmission gates? 

• _Number of Output ports? 

• 3 _ Number of N-channel transistor P-Well substrate contacts? 

c) Estimate the height of the circuit. Assume circuit layout is in design scale microns 

(dsm). Us*. Ayjo Mt-n+uz <*> torn, %?+&** *■ &njc~t-osojui 

Tfc Dfcn umd’HT ( *9 Vfi uzpr 4WO eA^/ntx <*• AAYsi/r) 

w« w $cc*vsccs t w s w 

+«■■»* 5+^*5 +« +3 +S* +■ S ¥ IS" -MS" 4-<* =■ 119 t>»nn . 

STIFF CO- CAT 

Vss V «■ d»4 

d) If you had to (easily) reduce the area of the CMOS 3 DLM circuit layout, what single thing 

would you do? 

mov« T Ui. n>P \lo\> VcnsJto*- a*ic Vow I Qv$v\. 
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Cew\>T*C*S (3) 


Lfttr PAOt ML 

VtAo4UPrtf\. 



CMOS3DLM Layer 

Color 

N+ diffusion 

Green 


P+ diffusion 



P+ mask 


Polysilicon 


P-Well 


Dott ed Oran 
Red 


Metal 1 


Metal 2 


Contact Cut 


Dotte d Brown 

Blue _ 

Black or Purple 
Black X 


Via 


Black O 


Please note that the circuit layout shown on 
the left contains all of the layers in the table 
above. 




TUMX MLt wo MSro/o 

friVT** 1*0 THIS t>C6f*o. 



CAUM ir l* A- FUP'FtOP, 

fhhO It AJfWO $****, 




l»oP«r5 
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QUESTION #3 
MARKS: 15 (15) 

a) The following circuit is one of many standard designs for a CMOSDLM inverter. Calculate the 
current, l DS , from V CD to V ss when the input voltage, V/ n . is 2.5V. Important parameters are 

shown on Page 2. Show your calculation. Sizes shown are W:L. 

» 

You must state anv assumption^ that vou make. 





Si 


(V 



q* 


> \ 


'Joor V6 \J tt0 cWAVtf 



*0 


naovA -4 rz> ’X* ULwr . iJt- r>u £€->-r okj b 




S L- £ /frUjtAHlpQ ) 


4 

4 m 

* 




15-o.A 


At 4 4? *~ /t> ,T £2i* 

&OTU T7tewsrtww tfU t*1VA#Wc*J • to Frter V*ur 

fcAv*. -re, l.?v. I** '* »*'* **** 

liu Vpyr ^ v /uo C^AMfL . 

Cu>lP4 UAioSPicfc ■ V/oot - l-ozv) 


